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Fig.2  Conceptual Model through Feeder 15 Reception Shaft & Feeder 15 Launch Shaft.
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SITE GEOLOGY

The A66 Northern Trans-Pennine Gas 
Pipeline Diversions Site is located to the 
east of Penrith, Cumbria.  Predominantly 
surrounded by agricultural land, the A66 
Carriageway runs through the centre of 
the site.

The Superficial Geology beneath the site 
comprises variable Glacial Till Deposits, 
Glaciofluvial Deposits and Alluvium 
Deposits (predominantly Sands and 
Gravels).  Bedrock Geology underlying 
all 4 No. of the shaft locations comprises 
Sandstone of the Penrith Sandstone 
Formation – a Major UK Principal Aquifer. 

Groundwater was encountered close to 
ground level during Site Investigation 
and OGI Pump Testing on site. 

DEWATERING REQUIREMENTS

Monitored groundwater levels at the A66 Gas 
Pipeline Diversions Site were over 10m above the 
required excavation levels for shaft construction.  
In addition, the excavations on site were to 
extend through the variable Superficial Deposits, 
and into the permeable Penrith Sandstone. 

Given the above, robust temporary dewatering 
was critical on site, to lower the groundwater 
level and reduce pore pressures below the 
excavations.  OGI identified several groundwater 
hazards that could arise without implementation 
of dewatering, including groundwater flooding 
and ground/structural failure. 

“Dewatering Consultant 
Project of the Year”

THE PROJECT

National Gas Transmission (NGT) appointed a.hak UK Limited (a.hak) to 
construct 2 No. gas pipeline crossings below the existing A66 
Carriageway as part of the A66 Northern Trans-Pennine Project.  The two  
gas pipeline crossings, named Feeder 11 and Feeder 15, were subject to 
time-critical gas outage dates, and were required in advance of 
National Highways significant upgrades to the existing A66 Carriageway. 

To enable installation of the Feeder Diversions, construction of 4 No. 9m 
diameter shafts was required, together with the construction of Tie-in Pits 
and connecting pipelines.  Due to the required excavation depths for 
these structures, temporary dewatering was required on the project, to 
temporarily lower the groundwater level and enable safe excavation to 
the designed formation levels (circa 10m bgl to 12m bgl for the shafts). 

OGI Groundwater Specialists Limited (OGI) was engaged by a.hak to 
provide specialist design and modelling, together with technical advice 
and guidance in temporary groundwater management and control.  
On behalf of a.hak, OGI also managed the Environment Agency (EA) 
Permitting process related to groundwater abstraction and discharge.  

Fig.1  Plan of Site with locations of the Feeder 15 & Feeder 11 Diversions.
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Fig.9  Simulated Cones of Depression for Full 
Feeder 15 & 11 Dewatering, provided to client.

Fig.6  Drilling of Test Pumping Wells.

MATHEMATICAL MODELLING

Based on the OGI test pumping analysis, OGI 
undertook groundwater modelling to enable 
the design of robust dewatering system designs 
for each shaft.  The modelling also enabled 
prediction of the steady-state abstraction rates 
required from the Temporary Dewatering 
Systems at the A66 Pipeline Diversions Site.    
The calculations were undertaken using OGI         
in-house software programmes along with the 
Finite Element Modelling Programme SEEP/W.  
Modelling results confirmed that the ground 
underlying the sites was highly transmissive, 
meaning abstraction rates were likely to be 
significant during the main works (up to a total 
of 100 Lit/s).  

Results from the test pumping informed all of 
OGI’s work that followed after, including all 
discussions with the EA, and the detailed 

groundwater control system design.

Fig.8  Head Contours simulating impact of Full Feeder 15 & 11 Dewatering.

Fig.7  Simulated drawdown in a west-east direction, for a range of 
Leakage Coefficient Values (β).  This modelling was presented to the 
EA in OGI’s Hydrogeological Impact Appraisal, and was accepted. 

Fig.3  Summary of the Feeder 15 Test Pumping Analysis.

2000

Fig.4  Abstraction of clear, 
filtered groundwater.

Fig.5  Shallow groundwater.

TEST PUMPING WORKS

The project was subject to time-critical gas outage dates, 
which are scheduled by NGT over a year in advance.  
Missing these outage dates could result in significant 
interruption to the UK’s Gas Supply.  As such, OGI had to 
design and deliver within critical timescales.

Noting the above, early stage test pumping was critical 
to understanding the hydrogeological properties of the 
ground beneath the Site and to enable the development 
of a detailed Hydrogeological Impact Appraisal (HIA), as 
required by the UK Environment Agency.  

OGI designed, specified and oversaw the test pumping 
works on Site.  In addition, OGI processed the test data in 
real-time, and analysed the results, to obtain accurate 
transmissivity values for the Superficial Deposits and 
Penrith Sandstone Deposits on Site.  

Test Area Analysis Type Transmissivity (m2/s) 

    Minimum Geometric Mean Maximum 

Feeder 15 North  

Jacob 2.89E-04 1.51E-03 1.27E-02 

Theis Recovery 4.15E-04 1.70E-03 1.12E-02 

All Methods 2.89E-04 1.59E-03 1.27E-02 
 

Feeder 15 South  

Jacob 3.00E-04 1.96E-03 8.46E-03 

Theis Recovery  2.24E-04 1.60E-03 9.73E-03 

All Methods 2.24E-04 1.79E-03 9.73E-03 
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MANAGEMENT OF ENVIRONMENT AGENCY (EA) PERMITTING PROCESS

Groundwater abstraction for temporary dewatering became a licensable activity in the UK in 2018.  The abstraction rate 
during the A66 Northern Trans-Pennine Pipeline Diversions Project works would exceed the EA’s exemption limit of 20m3 

per day by over 400 times.  In addition, all abstracted groundwater was to be discharged to proximal water features (i.e. 
the water environment), regulated by both the EA and Lead Local Flood Authority (LLFA). As a consequence, both an 
abstraction licence and discharge permit were required to enable dewatering to be implemented on the project.  

OGI acted as groundwater agents to a.hak, and managed the EA application process on their behalf.  This involved 
submitting a pre-application advice request at the beginning of the project, followed by preparation of the abstraction 
licence and discharge permit applications. To support these applications, a detailed Hydrogeological Impact Appraisal 
(HIA) was also developed. 

Using the results from the test pumping operation, OGI assessed the likely abstraction and 
discharge rates for the dewatering systems and used this to prepare all required EA 
forms and supporting information.  Following submission of the applications, OGI 
continued to liaise with the EA throughout the determination period and offered 
advice to a.hak on how to work within the conditions of the abstraction licence 
and discharge permit.

OGI’s Groundwater Control Strategy for 
Tie-in Pit and Pipeline Construction

• Active dewatering from the Perimeter 
Pumping Wells installed for construction 
of the 4 No. Shafts. 

• Active dewatering from the test wells 
previously installed in proximity to the 
Tie-in Pits using borehole submersible 
pumps.

• Filtered sump pumping to control any 
residual perched water ingress and 
rainfall.

• An Inspection, Testing and Monitoring 
(ITM) Plan to be implemented by the 
Principal Contractor. 

OGI’s Groundwater Control Strategy for 
2 No. Launch Shaft and 2 No. Reception 
Shaft Construction 

• Active dewatering, with submersible 
borehole pumps installed in Perimeter 
Pumping Wells around each shaft.

• 2 No. Internal Pressure Relief Wells 
(PRW’s) installed within each of the 4 
No. shafts, which were cut down  as 
excavation progresses, eventually 
enabling groundwater to bleed out at 
the shaft formation level.

• Filtered sump pumping to control any 
residual perched water ingress, rainfall 
and water abstracted from PRW’s.

• An Inspection, Testing and Monitoring 
(ITM) Plan to be implemented by the 
Principal Contractor. 

Fig.10  Plan of Feeder 15 Launch Shaft Pumping System.

o temporarily lower the groundwater level at each structure location, 
so that groundwater inflows into the excavations are reduced.

o mitigate the risk of boiling and/or uplift during shaft construction.

GROUNDWATER CONTROL SYSTEM DESIGN

Following test pumping works, OGI designed a groundwater control system to 
enable safe construction of the 2 No. Launch Shafts and 2 No. Reception Shafts, 
along with the Tie-in Pits and trenched pipelines.  Primary objectives were to:

HIA AND LLFA

OGI completed a Dewatering 
Hydrogeological Impact 

Appraisal (HIA) to assess any 
impact of the construction 
dewatering operation on 

proximal water features.  OGI 
also developed a Lead Local 
Flood Authority (LLFA) Method 

Statement, to detail the 
pollution and flood prevention 

measures required during 
dewatering.

Fig.11  Pumping Specification Details for the Perimeter Pumping Wells 
and Pressure Relief Wells.
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Fig.15  OGI site presence.

INSPECTION, TESTING AND MONITORING PLAN

OGI produced an Inspection, Testing and Monitoring (ITM) Plan to 
provide guidance to a.hak for the installation, monitoring and 
entire operation of the designed groundwater control systems 
required on site.  This document could be amended and updated 
as the project developed, ensuring successful implementation of 

OGI’s design and continuous mitigation of potential risks.

PROJECT SUMMARY

In conclusion, the time critical works 
undertaken by OGI for the A66 Northern 
Trans-Pennine Gas Pipeline Diversions Project  
demonstrated how careful and technical 
planning of a temporary dewatering 
operation can lead to successful completion 
of a project. 

OGI site presence during the project ensured 
positive relations with the dewatering 
contractor, Client, and all key stakeholders 
throughout the works.  In addition, when on 
site, OGI was able to provide assurance that 
the systems were being implemented as per 
the relevant design specifications.

OGI took responsibility to communicate with 
all the relevant dewatering bodies involved 
to ensure all environmental standards were 
adhered to throughout the dewatering 
operation. 

Finally, as a result of the successful project 
delivery, OGI’s works have now expanded, 
with the company supporting further works 
taking place on the main A66 Northern    
Trans-Pennine Project. Fig.16  Shaft construction at formation.

TECHNICAL INNOVATION

Detailed calibration modelling of the 
4 No. OGI shaft dewatering systems was 
undertaken during test pumping. This  
demonstrated that pumping from the 
Perimeter Pumping Wells at each of the 
Shafts would sufficiently lower the 
groundwater level at the location of the 
4 No. Tie-in Pits (located circa 75m to 
110m from the shafts). This conclusion 
was later verified through groundwater 
level monitoring and trial pits.  

As a result, no stand-alone dewatering 
system was required for the successful 
open-cut excavation and construction of 
the Tie-in Pits and pipelines, saving time, 
money and resources (see Fig.13).  

The OGI designs were developed to be 
robust, and included contingency to 
enable continued operation in the event 
of some plant, pump, and pipework 
equipment failures.  

For example, OGI designed the pumping 
systems such that the header pipes were 
split into different sections (see Fig.10).  
This meant that in the event that any of 
the header pipe was damaged by site 
activities, most of the wells could 
continue to operate.  

Fig.14  Clear abstracted groundwater 
during main dewatering works.

Fig.13  Tie-in Pit open-cut excavation in 
dry ground due to wells around Shafts.

SITE PRESENCE

OGI were present on site during critical 
times throughout the duration of the 
project, and worked with the dewatering 
Contractor to ensure safe and successful 
commissioning and decommissioning of 

the dewatering systems.

Fig.12  Excavation works within the Feeder 15 Launch Shaft at the A66 Site.
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